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(54) Method of detecting path timings in CDMA receiving apparatus 



(57) A CDMA receiving apparatus includes a 
searcher section (1 2), a finger section (1 1 ) , a RAKE syn- 
thesizing section (13) and a decoding section (14). The 
searcher section has a protection path memory, gener- 
ates a delay profile from a reception signal, and finds 
peaks from the delay profile based on a variable peak 
level reference threshold value and a variable noise lev- 
el reference threshold value which are determined 
based on the delay profile. Also, the searcher section 



reads out protection path data in a previous cycle from 
the protection path memory, and determines timings of 
valid paths based on timing of the found peaks and pro- 
tection path timings of the read out protection path data. 
The finger section detects a signal from the reception 
signal for every path in response to the valid path tim- 
ings. The RAKE synthesizing section carries out RAKE 
synthesis to the detected signals to produce a RAKE 
synthesis signal. The decoding section decodes the 
RAKE synthesis signal. 
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Description 

Background of the Invention 

5 1 , Field of the Invention 

[0001] The present invention relates to a CDMA (Code division multiple access) receiving apparatus and a method 
of detecting a path. 

10 2. Description of the Related Art 

[0002] A CDMA receiving apparatus is conventionally known which is composed of a finger section, a searcher 
section and a RAKE synthesizing section, the searcher section is composed of a correlation unit group, an adder group 
and a path control section. The path control section searches a reception timing with a high level from correlation 
15 values before and after the addition, and the finger section determines the reception timing. The finger section detects 
a valid path at the determined reception timing, and the RAKE synthesizing section RAKE-synthesizes the detected 
paths. 

[0003] The path control section in the conventional CDMA receiving apparatus will be described below with reference 
to Fig. 1. 

20 [0004] Fig. 1 is a block diagram showing the structure of the path control section of the conventional CDMA receiving 
apparatus. As shown in Fig. 1 , the conventional path control section 23 is composed of a peak detecting section 31 , 
a threshold value processing section 32, a memory section 33 and a protection processing section 34. Also, the above- 
mentioned threshold value processing section 32 is composed of a reference threshold value calculating section 322 
and a determining section 323. The above-mentioned memory section 33 is composed of a threshold value memory 

^5 section 331 and a protection path memory section 332. 

[0005] In the above-mentioned threshold value processing section 32, the above-mentioned reference threshold 
value calculating section 322 reads a maximum peak level threshold value i and a noise level threshold value j from 
the above-mentioned threshold value memory section 331. Then : the reference threshold value calculating section 
322 calculates a peak level reference threshold value k ((a peak level reference threshold value k) = (the maximum 

30 peak level) -(the maximum peak level threshold value i)) from the above-mentioned maximum peak level threshold 
value i and the maximum peak level which is sent from the above-mentioned peak detecting section 31 (not to shown). 
Also, the reference threshold value calculating section 322 calculates the noise level reference threshold value 1 ((noise 
level reference threshold value 1 ) = (a noise level g) + (a noise level threshold value j)) from the noise level g which is 
sent from peak detecting section 31 and the above-mentioned noise level threshold value j. Moreover, the above- 

35 mentioned reference threshold value processing section 322 outputs the above-mentioned calculated peak level ref- 
erence threshold value k and the above-mentioned noise level reference threshold value 1 to the above-mentioned 
determining section 323. 

[0006] In the above-mentioned threshold value processing section 32, the above-mentioned determining section 323 
carries out threshold value processing to select a path higher than the above-mentioned peak level reference threshold 
value k and the above-mentioned noise level reference threshold value 1 from the peak levels f which are sent from 
the peak detecting section 31 . Then, a reception timing of the selected path is set to a search peak timing m. Also, the 
peak level of the selected path is set to the search peak level n. The above search peak timing m, the above-mentioned 
peak level, and the search peak level n are outputted to the above protection processing section 34. 
[0007] The above protection processing section 34 reads the protection path timing p and protection path state q as 

45 a result of the protection processing in the previous cycle from the above protection path memory section 332. Then, 
the protection processing section 34 carries the protection process using the search peak timing m as a reception 
timing of the palh which is found out in a current cycle and determines a valid path. Then, the protection processing 
section 34 outputs the reception timing of each path determined to be a valid path as a search path timing b to the 
finger section 11. Also, the protection processing section 34 writes a protection path timing p and a protection path 

so state q as a result of current cycle in the protection path memory section 332. 

[0008] When the reception timing of the path which has been found out in the processing in the previous cycle is not 
found out in the processing in the current cycle, it is not determined in the above protection processing that the con- 
cerned path is an invalid path, but it is determined that the concerned path is an invalid path when his status continues 
for a predetermined number of times (front protection processing). In the same way, the path which is first found out 

55 jn the current cycle is not determined to be a valid path, but the path is determined to be a valid path when the path is 
found out at the reception timing for the predetermined number of times (back protection processing). This predeter- 
mined number of times is possible to set using a parameter. The protection processes is carried out in such a manner 
that the allocation of the valid path does not change frequently even if the reception level change due to fading and so 
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on and the reception timing changes little. 

[0009] Next, a specific example of the conventional threshold value process will be described with reference to Figs. 
2A and 2B. 

[0010] Figs. 2A and 2B are graphs showing a specific example of the conventional threshold value process. 
[001 1 ] In the conventional threshold value process, the path equal to or lower than the peak level reference threshold 
value k is not used due to a peak level reference threshold value k in the region where the propagation environment 
is good, as shown in 2A, even if a peak level is equal to or higher than the noise level reference threshold value 1 . The 
RAKE synthesis is carried out using paths equal to or higher than the peak level reference threshold value k. Also, the 
path equal to or lower than the noise level reference threshold value 1 is not used due to the noise level reference 
threshold value 1 in the region where the propagation environment is bad, as shown in Fig. 2B, even if a peak level is 
equal to or higher than the peak level reference threshold value k. The RAKE synthesis is carried out using paths equal 
to or higher than the noise level reference threshold value 1 . 

[0012] However, there are the following problems in the above-mentioned conventional technique. Fig. 3 is a graph 
showing a conventional threshold value processing example in the propagation environment in which there is a stronger 
path so as to be error fee. 

[0013] The first problem is in that a path unstable near a noise level is used for the RAKE synthesis depending on 
the value of the maximum peak level threshold value in the propagation environment in which there is so a stronger 
path as to be error free, so that the reception characteristic is deteriorated, as shown in Fig. 3. The reason is in that 
means for carrying out the optimal threshold value processing is not provided in case of being the propagation envi- 
ronment in which there has so a stronger path as to be error free in the conventional method of detecting path timings. 
[001 4] Fig. 4 is a graph showing the conventional threshold value processing example in the propagation environment 
near a sensitivity point. 

[0015] The second problem is in that all paths corresponding to the peaks which are found out in the current cycle 
arc handled as invalid paths in the threshold value processing depending on the value of a noise level threshold value 
j, in the propagation environment near the sensitivity point and the path to be used for RAKE synthesis can not be 
detected so that the reception characteristic is deteriorated, as shown in Fig. 4. The reason is in that means for carrying 
out the optimal threshold value processing is not provided in case of the propagation environment near the sensitivity 
point in the conventional method of detecting path timings. 

[0016] In conjunction with the above description, a spectrum spreading communication apparatus is disclosed in 
Japanese Laid Open Patent application (JP-A-Heisei 10-164011). In this reference, the spectrum spreading commu- 
nication apparatus is composed of a plurality of demodulation correlation units for dispreading a reception signal which 
is subjected to spectrum spreading and for demodulating. A plurality of tracking correlation units are for synchronization 
tracking of the demodulation correlation units. A search correlation unit searches the phase of demodulation despread- 
ing code. A RAKE synthesizing unit synthesizes matches the phases of the outputs of the plurality of demodulation 
correlation units and carries out a weighting operation. A search processing section sorts the correlation values out- 
putted in order from the search correlation units in a larger order and gives candidates of the phase of the demodulation 
despreading code to the tracking correlation units. A demodulation path selecting section is provided to be composed 
of a section for comparing the plurality of peaks outputs from the tracking correlation units with each other. A selecting 
section selects phases of the above-mentioned peak outputs in order from the maximum peak. A giving section gives 
the selected phases to the plurality of demodulation correlation units as the phases of the demodulation despreading 
code. 

[0017] Also, a spectrum spreading communication apparatus is disclosed in Japanese Laid Open Patent application 
(JP-A-Heisei 11-4212). In this reference, signals (f1-1 to f1-4) of a plurality of narrowband are extracted from a signal 
(fl) in a frequency band used for spectrum spreading communication using a plurality of band path filters (7a to 7d), 
respectively. The level of each of these extracted signals is compared with a predetermined threshold value. It is 
determined that a reception wave exist when each of ail the signals is equal to or higher than a threshold value. 
[001 8] A Cellar system, a mobile terminal, a base station unit and a method of detecting an optimal path are disclosed 
in Japanese Laid Open Patent application (JP-A-Heisei 11-251962). In this reference, a cellar system using a code 
division multiple access (CDMA) system is composed of a plurality of finger circuits and a search engine section. The 
search engine section is composed of a reception level measuring section which detects a reception level of the re- 
ception signal and compares the reception level with a predetermined threshold value. A plurality of despreading sec- 
tions multiply the reception signal and spreading codes. An internal memory stores correlation signals from the plurality 
of despreading sections. A reception path timing generating section detects a reception path from outputs of the internal 
memory and generates path timing. It is determined whether or not the correlation signals of the internal memory should 
be outputted to the reception path timing generating section, in accordance with the comparing and determining result 
of the reception level measuring section. 

[0019] Also, a reception timing detection circuit of a CDMA receiving apparatus is disclosed in Japanese Patent No. 
2,751 ,959, In this reference, the reception timing detection circuit of the CDMA receiving apparatus is used for a mobile 
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communication system using a direct spreading code division multiple access (DS-CDMA) system. The reception timing 
detection circuit is composed of a series correlation unit which calculates correlation signals between a reception signal 
and a known signal sequence for every predetermined period within a predetermined time interval, and outputs the 
correlation signals indicating the correlations. An interpolation filter samples the correlation signal again at a frequency 

5 which is higher than a sampling frequency and outputs a sampled correlation signal. A power calculating section cal- 
culates the power of the sampled correlation signal and outputs the calculated correlation signal powers. An averaging 
section averages the calculated correlation signal powers over a plurality of periods and outputs an average correlation 
signal power. A peak detecting section detects a peak of the average correlation signal power, and determines timing 
when the peak is detected as a reception timing of the CDMA receiving apparatus. 

w [0020] A spectrum spreading communication receiver is disclosed in Japanese Patent No. 2,853,705. In this refer- 
ence, the spectrum spreading communication receiver is composed of a spreading code generating section for gen- 
erating a spreading code, and a demodulating section for demodulating a received signal. A demodulation signal is 
outputted from the demodulating section as a composite data. A searcher section inputs the demodulation signal from 
the demodulating section and the spreading code from the spreading code generating section and finds a plurality of 

15 search paths having correlation peaks which are apart from each other by one or more chips in a search region based 
on the demodulation signal and the spreading code. A tracking section tracks a plurality of tracking paths which are 
apart from each other by one or more chips based on correlations between the demodulation signal and the spreading 
code, and finds correlation levels between the tracking paths. A path capturing and holding section compares the 
search path from the searcher section and a tracking path from the tracking section, carries out back protection in case 

20 of coincidence detection of the paths and carries out front protection in case of extinction of the paths. The path capturing 
and holding section classifies the path holding state of the tracking path into a complete step out state, a back protection 
state, a complete protection state, and a front protection state, and holds a plurality of paths. A correlation demodulation 
path selecting section selects and output a path to be demodulated based on the path state from the path capturing 
and holding section and the correlation level from the tracking section. A RAKE section detects the demodulation path 

25 indicated from the correlation demodulation path selecting section based on the correlation between the demodulation 
signal from the demodulating section and the spreading code from the spreading code generating section and carries 
out RAKE synthesis to output as the demodulation data. A demodulating section decodes the demodulation data from 
the RAKE section and outputs decoding data. 

30 Summary of the Invention 

[0021] Therefore, an object of the present invention is to provide a CDMA receiving apparatus and a method of 
detecting path timings in which the optimal threshold value processing can be carried out even in all the propagation 
environments including a propagation environment which there is so a stronger path as to be error free, and a propa- 

35 gation environment near a sensitivity point, and which realizes a good reception characteristic. 

[0022] In an aspect of the present invention, a CDMA receiving apparatus includes a searcher section, a finger 
section, a RAKE synthesizing section and a decoding section. The searcher section has a protection path memory, 
generates a delay profile from a reception signal, and finds peaks from the delay profile based on a variable peak level 
reference threshold value and a variable noise level reference threshold value which are determined based on the 

40 delay profile. Also, the searcher section reads out protection path data in a previous cycle from the protection path 
memory, and determines timings of valid paths based on timing of the found peaks and protection path timings of the 
read out protection path data. The finger section detects a signal from the reception signal for every path in response 
to the valid path timings. The RAKE synthesizing section carries out RAKE synthesis to the detected signals to produce 
a RAKE synthesis signal. The decoding section decodes the RAKE synthesis signal. 

45 [0023] Here : the searcher section may variably determine the variable peak level reference threshold value and the 
variable noise level reference threshold value based on a maximum peak level and a noise level in the delay profile. 
In this case, the searcher section may have a threshold value memory storing a maximum peak level threshold value 
and a noise level threshold value. The searcher section may calculate a level difference between the maximum peak 
level and the noise level in the delay profile, and read out the maximum peak level threshold value and the noise level 

50 threshold value from the threshold value memory based on the level difference, and determine the variable peak level 
reference threshold value and the variable noise level reference threshold value based on the maximum peak level 
and the noise level in the delay profile and the maximum peak level threshold value and the noise level threshold value. 
[0024] Also, the searcher section may determine the variable peak level reference threshold value by subtracting 
the maximum peak level threshold value from the maximum peak level, and the variable noise level reference threshold 

55 value by adding the noise level threshold value to the noise level. 

[0025] Also, the maximum peak level threshold value may have a larger value when the level difference is lager and 

the noise level threshold value may have a smaller value when the level difference is smaller. 

[0026] Also, the searcher section may find the peaks from the delay profile based on the variable peak level reference 
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threshold value and the variable noise level reference threshold value which are determined based on the protection 
path data in addition to the delay profile. In this case, the searcher section may variably determine the variable peak 
level reference threshold value and the variable noise level reference threshold value based on a maximum peak level 
for the valid paths indicated by the protection path data and a noise level in the delay profile. 

5 [0027] Also, the searcher section may have a threshold value memory storing a maximum peak level threshold value 
and a noise level threshold value. In this case : the searcher section may calculate a level difference between the 
maximum peak level and the noise level in the delay profile, and read out the maximum peak level threshold value and 
the noise level threshold value from the threshold value memory based on the level difference, and determine the 
variable peak level reference threshold value and the variable noise level reference threshold value based on the 

10 maximum peak level and the noise level in the delay profile and the maximum peak level threshold value and the noise 
level threshold value. 

[0028] Also, the searcher section may determine the variable peak level reference threshold value by subtracting 
the maximum peak level threshold value from the maximum peak level : and the variable noise level reference threshold 
value by adding the noise level threshold value to the noise level. In addition, the maximum peak level threshold value 
' 5 may have a larger value when the level difference is lager and the noise level threshold value may have a smaller 
value when the level difference is smaller. 

[0029] Also, the searcher section may variably determine the variable peak level reference threshold value and the 
variable noise level reference threshold value based on a time average of peak levels of the valid paths indicated by 
the protection palh data and a time average of noise levels in place of the maximum peak level and the noise level in 

20 the delay profile. In this case, when the searcher section have a threshold value memory storing a maximum peak 
level threshold value and a noise level threshold value, the searcher section may calculate a level difference between 
the peak level time average and the noise level time average, and read out the maximum peak level threshold value 
and the noise level threshold value from the threshold value memory based on the level difference, and determine the 
variable peak level reference threshold value and the variable noise level reference threshold value based on the 

25 maximum peak level and the noise level in the delay profile and the maximum peak level threshold value and the noise 
level threshold value. 

[0030] In this case, the searcher section may determine the variable peak level reference threshold value by sub- 
tracting the maximum peak level threshold value from the maximum peak level, and the variable noise level reference 
threshold value by adding the noise level threshold value to the noise level. In addition, the maximum peak level 
30 threshold value may have a larger value when the level difference is lager and the noise level threshold value may 
have a smaller value when the level difference is smaller. 

[0031] In another aspect of the present invention, a method of determining path timings in a CDMA receiving appa- 
ratus may be attained by (a) generating a delay profile from a reception signal; by (b) finding peaks from the delay 
profile based on a variable peak level reference threshold value and a variable noise level reference threshold value 
35 which are determined based on the delay profile; by (c) reads out protection path data in a previous cycle from the 
protection path memory; and by (d) determining timings of valid paths based on timing of the found peaks and protection 
path timings of the read out protection path data. 

[0032] Here, the (b) step may be attained by (e) variably determining the variable peak level reference threshold 
value and the variable noise level reference threshold value based on a maximum peak level and a noise level in the 
40 delay profile. 

[0033] In this case, the (e) step may be attained by (f) calculating a level difference between the maximum peak 
level and the noise level in the delay profile; by (g) reading out a maximum peak level threshold value and a noise level 
threshold value from a threshold value memory based on the level difference, the threshold value memory storing the 
maximum peak level threshold value and the noise level threshold value; and by (h) determines the variable peak level 

^5 reference threshold value and the variable noise level reference threshold value based on the maximum peak level 
and the noise level in the delay profile and the maximum peak level threshold value and the noise level threshold value. 
[0034] Also, the (h) step may be attained by (i) determining the variable peak level reference threshold value by 
subtracting the maximum peak level threshold value from the maximum peak level, and the variable noise level refer- 
ence threshold value by adding the noise level threshold value to the noise level. 

50 [0035] Also, the maximum peak level threshold value has a larger value when the level difference is lager and the 
noise level threshold value has a smaller value when the level difference is smaller. 

[0036] Also, the (b) step may be attained by (j) finding peaks from the delay profile based on a variable peak level 
reference threshold value and a variable noise level reference threshold value which are determined based on the 
protection path data in addition to the delay profile. 
55 [0037] In this case, the (j) step may be attained by variably determining the variable peak level reference threshold 
value and the variable noise level reference threshold value based on a maximum peak level for the valid paths indicated 
by the protection path data and a noise level in the delay profile. 

[0038] Also, the (b) step may be attained by (k) variably determining the variable peak level reference threshold 
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value and the variable noise level reference threshold value based on a time average of peak levels of the valid paths 
indicated by the protection path data and a time average of noise levels in place of the maximum peak level and the 
noise level in the delay profile. 

Brief D scription fth Drawings 

[0039] 

Fig. 1 is a block diagram showing the structure of a path control section in a conventional CDMA receiving appa- 
ratus; 

Figs. 2A and 2B are graphs showing a specific example of the conventional threshold value processing; 

Fig. 3 is a graph showing an example of conventional threshold value processing in propagation environment in 

which there is so a stronger path as to be error free; 

Fig. 4 is a graph showing an example of conventional threshold value processing in a propagation environment 
near a sensitivity point; 

Fig. 5 is a block diagram showing the structure of a CDMA receiving apparatus according to a first embodiment 
of the present invention; 

Fig. 6 is a block diagram showing the detailed structure of a searcher section in the first embodiment; 
Fig. 7 is a block diagram showing the detailed structure of a path control section in the first embodiment; 
Fig. 8 is a flow chart showing an operation of the CDMA receiving apparatus in the first embodiment; 
Fig. 9 is a graph showing relation of reception timing and post-addition correlation value; 

Figs. 10A to 10C are graphs showing specific examples of threshold value processing in accordance with a level 
difference h between a maximum peak level and a noise level g; 

Fig. 1 1 is a block diagram showing the detailed structure of the path control section in a second embodiment; and 
Fig. 12 is a block diagram showing the detailed structure of a path control section in a third embodiment. 

Description of the Preferred Embodiments 

[0040] A CDMA receiving apparatus and a method of detecting path timings according to the present invention will 
be described below with reference to the attached drawings. The following description gives the embodiments of the 
present invention but does not limit them. 

[The First Embodiment] 

[0041 ] The CDMA receiving apparatus and the method of detecting path timings of the first embodiment of the present 
invention will be described with reference to Figs. 5 to 1 0C and a table 1 . First, the structure and operation in the first 
embodiment will be described with reference to Figs. 5 to 7. 

[0042] Fig. 5 is a block diagram showing the structure of the CDMA receiving apparatus in the first embodiment. 
[0043] As shown in Fig. 5, the CDMA receiving apparatus 1 0 is composed of a finger section 1 1 , a searcher section 
12, a RAKE synthesizing section 13 and a decoding section 14. Also, the above-mentioned finger section 11 is com- 
posed of n finger units. 

[0044] A reception signal inputted to the CDMA receiving apparatus 1 0 is supplied to the finger section 1 1 and the 
searcher section 12, respectively. The searcher section 12 finds correlation values while shifting the timing of the 
despreading of the reception signal a little by little, and looks for the optimal reception timings. Then, the searcher 
section 12 instructs the reception timing at which the reception signal should be received by the finger section 11 to 
the fingers #0 to #n which are the finger units of the finger section 1 1 as peak timings b (hereinafter, search path timings 
b). 

[0045] The finger section 11 carries out the despreading of the reception signal at the reception timings instructed 
as the search path timings b and carries out the detecting operations. The outputs of the finger section 1 1 are supplied 
to and added in the RAKE synthesizing sections 1 3, respectively, and post-addition is decoded by the decoding section 
14. Here, the fingers #0 to #n of the finger section 11 are provided in accordance with the number of paths to be 
processed by the CDMA receiving apparatus 1 0, and if the number of fingers is n=9 in the finger section 1 1 . the RAKE 
synthesis of a maximum of 10 paths becomes possible. 

[0046] Fig. 6 is a block diagram showing the detailed structure of the searcher section 12 in Fig. 5. As shown in Fig. 
6, the searcher section 1 2 is composed of a group of correlation units 21 , a group of adders 22, a path control section 
23, a spreading code generating section 24 and a search delay circuit 25. 

[0047] The reception signal is supplied to the searcher section 1 2 and is supplied to the correlation units of the group 
21. The respective correlation units carry out despreading operations at the reception timings which are different from 
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one after another by a little. The correlation value c as the output of each correlation unit is supplied to a corresponding 
one of the adders of the group 22. Each adder adds or integrates the correlation values c by the specified number of 
times (which is variable as a parameter) and outputs a post-addition correlation value d to the path control section 23. 
The, the post-addition value d is referred to as a delay profile, hereinafter. The spreading code generating section 24 

5 generates a spreading code for the correlation units 21 for the despreading operation and output it to the search delay 
circuit 25. The path control section 23 searches reception timings for paths with higher levels from the post-addition 
correlation value d and determines whether or not the path at the searched reception timing is a valid path, after 
detecting a peak. Then, the path control section 23 outputs the reception timing for each path determined to be the 
valid path to the finger section 11 as the search path timing b. 

10 [0048] Fig. 7 is a block diagram showing the detailed structure of the path control section 23 of Fig. 6. As shown in 
Fig. 7, the path control section 23 is composed of a peak detecting section 31 , a threshold value processing section 
32, a memory section 33 and a protection processing section 34. Also, the above-mentioned threshold value processing 
section 32 is composed of a level calculating section 321 , a reference threshold value calculating section 322 and a 
determining section 323. Moreover, the above-mentioned memory section 33 is composed of a threshold value memory 

15 section 331 and a protection path memory section 332. The threshold value memory section 331 holds the level dif- 
ference h sent from the reference threshold value calculating section 322, and a maximum peak level threshold value 
i and a noise level threshold value j which are predetermined in accordance with the level difference h. The above 
protection path memory section 332 holds a protection path timing p and a protection path state q which are sent from 
the above proleclion processing section 34. 

20 [0049] The peak detecting station 31 searches the reception timings with high levels for the specified number of 
peaks (which are variable as a parameter) from the correlation value d after the addition which is transmitted from the 
above-mentioned adder group 22, and outputs a peak timing e for each path and a peak level f to the threshold value 
processing section 32, after detecting the peak. In the same way, the peak detecting station 31 calculates an average 
of the correlation values d after the addition except the peak and outputs to the threshold value processing section 32 

25 as a noise level g. 

[0050] In the threshold value processing section 32, the level difference calculating section 321 calculates the level 
difference h between the maximum peak level of the peak levels f and the noise level g and outputs it to the reference 
threshold value calculating section 322. The reference threshold value calculating section 322 reads the maximum 
peak level threshold value i and the noise level threshold value j from data which have been previously stored. in the 

30 threshold value memory section 331 in accordance with the level difference h. Then, the reference threshold value 
calculating section 322 calculates the peak level reference threshold value k from the maximum peak level and the 
maximum peak level threshold value i. Also, the reference threshold value calculating section 322 calculates the noise 
level reference threshold value 1 from the noise level g and the noise level threshold value j. Moreover, the reference 
threshold value calculating section 322 outputs the peak level reference threshold value k and the noise level reference 

35 threshold value 1 to the determining section 323. 

[0051] Here : it is supposed that the peak level reference threshold value k is lower than the maximum peak level by 
the maximum peak level threshold value i. Also, it is supposed that the noise level reference threshold value 1 is higher 
than the noise level g by the noise level threshold value j. The values of the maximum peak level threshold value i and 
noise level threshold value j are separated by the level difference h between the maximum peak level and the noise 

to level g. The peak level reference threshold value k is set to be a higher value, when the level difference h is larger, 
that is, in the propagation environment in which there is so a stronger path as to be error free, compared with the case 
that there is no so strong path. Therefore, when the level difference h is larger, the maximum peak level threshold 
value i is decreased. On the other hand, the noise level reference threshold value 1 is set to be a lower vale when the 
level difference h is smaller, that is, in the propagation environment near the sensitivity point, compared with the case 

45 that the peak is not near the sensitivity point. Therefore, the level difference i is smaller, the noise level threshold value 
j is set to be smaller. 

[0052] The determining section 323 carries out the threshold value processing to select paths equal to or higher than 
the peak level reference threshold value k and the noise level reference threshold value 1 from among the supplied 
peak levels f . Then, the determining section 323 outputs each of the paths with levels equal to higher than the threshold 

50 value to the protection processing section 34 as a search peak timings m and a search peak level n. The protection 
processing section 34 reads data as a result of the protection processing in the previous cycle, i.e., a protection path 
timing p and protection path state q from the protection path memory section 332, and carries out the protection process- 
ing by comparing the read path and the path found out in the current cycle to determines a valid path. Then, the 
protection processing section 34 outputs the reception timing of each path determined to be the valid path to the finger 

55 section 11 at the search path timing b. Also, the protection processing section 34 writes the protection path timing p 
and the protection path state q which are as the result of the protection processing in the current cycle in the protection 
path memory section 332. 

[0053] Next, the details of the operation of the first embodiment wilt be described with reference to Figs. 8 to 10C 



7 



EP 1 170 876 A2 

and the table 1. Fig. 8 is a flow chart of the operation of the first embodiment. 

[0054] The peak detecting station 31 searches the reception timings with higher levels for the specified number of 
peaks (which are variable as a parameter) from the post-addition correlation value or the delay profile d, and outputs 
the peak timing e of each path and the peak level f of the path to the threshold value processing section 32. Moreover, 

5 the peak detecting station 31 calculates an average of the post-addition correlation values d except for the peaks as 
a noise level g and outputs it to the threshold value processing section 32 (S41 of Fig. 8) Fig. 9 is a graph which is 
called the delay profile showing relation of the reception timings and the post-addition correlation values d. 
[0055] In Figs. 1 0A to 1 0C, the horizontal axis shows the reception timing and the vertical axis shows a level of the 
post-addition correlation values d. Figs. 1 0A to 1 0C shows that three paths for the different reception timings exist as 

10 an example. This means that a multipath exists. It should be noted that symbols s } t and u show the reception timings 
that the levels of the paths becomes maximum. Also, Figs. 10A to 10C shows the levels of the paths having delay 
quantity t in the reception timings s, t and u, respectively is maximum, i.e., the path is a maximum peak level. 
[0056] The level difference calculating section 321 calculates the level difference h between the maximum peak level 
of the peak levels f and the noise level g and outputs to the reference threshold value calculating section 322 (S42 of 

15 Fig. 8). 

[0057] The reference threshold value calculating section 322 reads the maximum peak level threshold value i and 
the noise level threshold value j as data corresponding to the level difference h from the threshold value memory section 
331 (S43 of Fig. 8). Then, the reference threshold value calculating section 322 calculates the peak level reference 
threshold value k from the maximum peak level and the maximum peak level threshold value i, i.e., ((the peak level 
20 reference threshold value k) = (the maximum peak level) - (the maximum peak level threshold value i)). Also, the 
reference threshold value calculating section 322 calculates the noise level reference threshold value 1 from the noise 
level g and the noise level threshold value j, i.e., ((the noise level reference threshold value 1) = (the noise level g) +■ 
(the noise level threshold value j)). The reference threshold value calculating section 322 outputs to the determining 
section 323 (S44 of Fig. 8). 

25 



Table 1 
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propagation 
circumstance 


difference between 
maximum peak level and 
noise level 


maximum peak level 
threshold value 


noise level threshold value 


in case of being so a 
strong path as to be error 
free 


m L1 


THp2 (<THp1) 


THn1 


35 


in case of not being so a 
strong path as to be error 
free but not being near 
sensitivity point 


L1 > and ^L2 


THp1 




40 


in case of being near 
sensitivity point 


L2> 




THn2 (<THn1) 



[0058] The table 1 shows an example of the maximum peak level threshold value i and the noise level threshold 
value j which correspond to the level difference h between the maximum peak level and the noise level g. The values 
of the. maximum peak level threshold value i and noise level threshold value j are determined in accordance with the 

4 5 level difference h between the maximum peak level and the noise level g. When there is not so a strong path as to be 
error free and the path is not near the sensitivity point, specifically, the level difference h is equal to or more than L2 
and less than L1 (L1 , L2 are predetermined values), it is set to i=Thp1 and j=Thn1 (Thp1 and Thn1 are predetermined 
values). When level difference h is large relatively, that is, when the propagation environment has so a stronger path 
as to be error free, the peak level reference threshold value k is increased, compared with the case which there is no 

so a strong path, and an unstable path near the noise level is invalidated through the threshold value processing. When 
the level difference h is large, the maximum peak level threshold value i is set to be smaller. Specifically, when the 
level difference h is equal to or more than L1 , it is set to i=Thp2, Thp2<Thp1 (Thp2 is a predetermined value), j=Thn1 . 
On the other hand, when the level difference h is small relatively, that is, in the propagation environment near the 
sensitivity point, the noise level reference threshold value 1 is decreased, compared with the case which is not near 

5 5 the sensitivity point. Thus, the noise level threshold value j is set to be smaller such that it is possible to detect the 
paths used for the RAKE synthesis near the sensitivity point, as the level difference h is smaller. Specifically, when the 
level difference h is less than L2 : it is set to j=Thn2, Thn2<Thn1 (Thn2 is a predetermined value), i=Thp1 . 
[0059] The determining section 323 carries out the threshold value processing to select paths equal to or higher than 
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the peak level reference threshold value k and the noise level reference threshold value 1 from the supplied peak levels 
f . Then, the determining section 323 outputs a path with a peak level equal to or higher than the peak level reference 
threshold value k and noise level reference threshold value 1 and the reception timing for the path to the protection 
processing section 34 as the search peak timing m and the search peak level n (S45 of Fig. 8). 

5 [0060] The protection processing section 34 reads the protection path timing p and the protection path state q which 
are as the result of the protection processing in the previous cycle, from the protection path memory section 332. The 
protection processing section 34 carries out the protection processing using the search peak timing m for the path 
which is found out in the current cycle and determines a valid path (S46 of Fig. 8). Then, the protection processing 
section 34 outputs a reception timing of each path to have determined to be the valid path to the finger section 11 as 

10 the search path timing b. Also, the protection processing section 34 writes the protection path timing p and the protection 
path state q as the result in the current cycle in the protection path memory section 332. 

[0061] In the protection processing, when the path found out in the previous cycle and the reception timing of the 
path are not found out in the current cycle, the path is not directly determined to be an invalid path. It is determined to 
be the invalid path when this state continues for a predetermined number of times (The front protection processing). 

'5 in the same way, the path which is first found out in the current cycle is not directly determined to be a valid path. When 
this state continues for a predetermined number of times and the path is detected at the same reception timing, the 
path is determined to be a valid path (The back protection processing). The predetermined number of times is possible 
to set as the parameter. In this way, the protection processing is carried out in such a manner that the allocation of the 
valid path is not frequently changed even if the level is changed due to fading and the reception timing changes little. 

20 [0062] Here, the protection path state is the number of times of non-detection the valid path or the number of times 
of detection of the invalid path for the path which is counted to a predetermined number of times which is set, in case 
of the front protection processing or the back protection processing. Also, the protection path timing indicates the 
reception timing of the path to which the protection processing is carried out. The path to which the protection processing 
is carried out is called as the protection path. 

^5 [0063] Moreover, the operation of the first embodiment will be described using a specific example and referring to 
Figs. 10A to 10C. Figs. 10A to 10C are graphs showing the specific instance of the threshold value processing in 
accordance with the level difference h between the maximum peak level and the noise level g. Fig. 1 0A is a graph 
showing the threshold value processing in case of being the propagation environment in which there is so a stronger 
path as to be error free. Fig. 1 0B is a graph showing the threshold value processing in case of being the propagation 

30 environment in which there is not so a stronger path as to be error free and not being near the sensitivity point. Fig. 
1 0C is a graph showing the threshold value processing in case of the propagation environment near the sensitivity point. 
[0064] Because Fig. 10B shows that the level difference h is lower than L1 and equal to or higher than L2, the 
maximum peak level threshold value i is THp1 from the table 1 , and the noise level threshold value j is THn1 from the 
tablet. 

35 [0065] Next, because the level difference h is equal to or higher than l_1 in Fig. 1 0A, the maximum peak level threshold 
value i is THp2 (<THp1) from the table 1 . Because the peak level reference threshold value k is increased, compared 
with the case that the maximum peak level threshold value i shown in Fig. 1 0B is THp1 , only a strong path is selected 
and an unstable path near the noise level is not selected. With this, the conventional problems can be eliminated that 
because an unstable path near the noise level is used for the RAKE synthesis in the propagation environment in which 

40 there is so a stronger path as to be error free, reception characteristic becoming bad. 

[0066] On the other hand, because the level difference h is lower than L2 in Fig. 1 0C the noise level threshold value 
j is THn2 (<THn1) from the table 1 . Because the noise level reference threshold value 1 is decreased, compared with 
the case that the noise level threshold value j shown in Fig. 10B is THn1, the path used for RAKE synthesis can be 
detected. With this, the conventional problems can be eliminated that reception characteristic becomes bad, because 

45 the path used for RAKE synthesis cannot be detected in the propagation environment near the sensitivity point. 

[The Second Embodiment] 

[0067] Next, the CDMA receiving apparatus and the method of detecting path timings according to the second em- 

50 bodiment of the present invention will be described with reference to Fig. 11 . 

[0068] Fig. 11 is a block diagram showing the detailed structure of the path control section 23 of the second embod- 
iment. As shown in Fig. 11 , the path control section 23 in the second embodiment is composed of the components like 
those of the above-mentioned first embodiment. However, the second embodiment is different from the above-men- 
tioned first embodiment in the point that the path control section 23 in the second embodiment is connected to the 

55 protection path memory section 332 and the level calculating section 321 . 

[0069] The operation of the second embodiment in which the protection path memory section 332 is connected with 
the level difference calculating section 321 will be described. 

[0070] In case of path detection, the level is easy to change in a moment due to fading and it is easy for the reception 
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timing to change. Therefore, in the second embodiment, a threshold value is used in accordance with the level difference 
h between maximum level and the noise level for the stable valid path. 

[0071] The peak detecting station 31 searches or looks for the reception timing with high level for the specified 
number of peaks (which is changeable as a parameter) from the correlation values d after the addition. After detecting 

5 the peak, the peak detecting station 31 outputs the peak timing e and the peak level f of each path to the threshold 
value processing section 32. Moreover, the peak detecting station 31 calculates an average of the correlation values 
d after the addition except for the peak and outputs to the threshold value processing section 32 as a noise level g. 
[0072] In the threshold value processing section 32, the level difference calculating section 321 first reads the pro- 
tection path timing p and the protection path state q as the result of the protection processing in the previous cycle 

io from the protection path memory section 332. Next, the level difference calculating section 321 searches the valid path 
from among the peaks found out in the current cycle by comparing the peaks found out in the current cycle and the 
protection paths. The level difference calculating section 321 calculates the level difference h between the level of the 
path with maximum level in the valid paths and the noise level g. The reference threshold value calculating section 
322 reads the maximum peak level threshold value i and the noise level threshold value j from the threshold value 

>s memory section 331 in accordance with the level difference h and calculates the peak level reference threshold value 
k and the noise level reference threshold value 1 . When there is not a valid path in the peaks found out in the current 
cycle, the reference threshold value calculating section 322 uses a path with the maximum level in the peaks found 
out in the current cycle, like the above-mentioned first embodiment. 

[0073] The determining section 323 carries out the threshold value processing to select a path equal to or higher 
20 than the peak level reference threshold value k and the noise level reference threshold value 1 from the supplied peak 
levels f. 

Then, the determining section 323 outputs reception timing and a peak level of the path equal to or higher than the 
above-mentioned peak level reference threshold value k and noise level reference threshold value 1 to the protection 
processing section 34 as a search peak timing m and a search peak level n. 

25 [0074] The protection processing section 34 reads the protection path timing p and the protection path state q as 
the result of the protection processing in the previous cycle from the protection path memory section 332. Then, the 
protection processing section 34 carries out the protection processing using the search peak timing m of the path found 
out in the current cycle and determines a valid path. Then, the protection processing section 34 outputs the reception 
timing of each path determined to be a valid path to the finger section 1 1 as the search path timing b. Also, the protection 

30 processing section 34 writes the protection path timing p in the current cycle and the protection path state q in the 
protection path memory section 332. 

[0075] It is possible to receive a signal more stably by carrying out the threshold value processing using the threshold 
values which are determined in accordance with the level difference h between the maximum peak level and the noise 
level of the above mentioned stable valid path. 

35 

[The Third Embodiment] 



[0076] Next, the CDMA receiving apparatus and the method of detecting path timings according to the third embod- 
iment of the present invention will be described with reference to Fig. 1 2. Fig. 1 2 is a block diagram showing the detailed 
structure of the path control section 23 of the third embodiment. As shown in Fig. 12, the path control section 23 in the 
third embodiment is composed of the components like those of the above-mentioned first embodiment and a time 
average memory section 333 is provided as a new component in the memory section 33. In the current cycle average 
memory section 333 are stored a noise level time average v and a valid path level time average x. Also, the third 
embodiment is different from the first embodiment in that the above protection path memory section 332 and the above- 
mentioned level calculating section 321 are connected but Is same as the above-mentioned second embodiment. 
Moreover, the third embodiment differs from the above-mentioned first embodiment and second embodiment in that 
the protection path level r is stored in the above protection path memory section 332. 

[0077] An operation of the third embodiment will be described in which the protection path memory section 332 and 
the level difference calculating section 321 are connected with each other, the protection path level r is stored in the 
above protection path memory section 332, and the noise level time average v and the valid path level time average 
x are stored in the time average memory section 333. 

[0078] In case of the path detection, the level is easy to change due to fading and so on temporally and the reception 
timing is easy to change. Therefore, in the third embodiment, a time averaging process is carried out using oblivion 
coefficients. 

[0079] First, the protection processing section 34 reads the protection path timing p and the protection path state q 
as the result of the protection processing in the previous cycle from the protection path memory section 332. Next, the 
protection processing section 34 carries out the protection processing using the search peak timing m as the reception 
timing of the path found out in the current cycle, and determines valid paths. Also, the protection processing section 
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34 averages levels in time using a predetermined oblivion coefficient to each of the protection paths. The time average 
level is set as the protection path level r. Then : the protection path level r is stored in the protection path memory section 
332 like the protection path timing p and the protection path state q in the current cycle. 

[0080] The peak detecting station 31 searches or looks for the reception timing with a high level for the specified 
number of peaks (which is changeable as a parameter) from the correlation values d after the addition. After detecting 
a peak, the peak detecting station 31 outputs a peak timing e of each path and a peak level f to the threshold value 
processing section 32. Moreover, the peak detecting station 31 calculates an average of the correlation values d after 
the addition except the peak and outputs to the threshold value processing section 32 as a noise level g. 
[0081] Next, the level calculating section 321 carries out a time averaging process to the noise levels g sent from 
the peak detecting section 31 in the current cycle, using predetermined oblivion coefficients. The time average level 
is set as the noise level time average v. Then, the noise level time average v as a result in the current cycle is stored 
in the time average memory section 333. 

[0082] Moreover, the level difference calculating section 321 reads out the protection path timing p, the protection 
path state q and the protection path level r as a result of the protection processing in the previous cycle from the 
protection path memory section 332. The level difference calculating section 321 looks for the valid paths from among 
the peaks found out in the current cycle by comparing the peaks found out in the current cycle and the protection paths, 
and carries out a time averaging process to the levels of the valid paths using predetermined oblivion coefficients. The 
time averaged level is set as the valid path level time average x. Then, the valid path time average x as the result in 
the current cycle is stored in the time average memory section 333. 

[0083] The time averaging process using the oblivion coefficients will be described here using an equation. 
[0084] It is supposed that the oblivion coefficient X , the level indicating the result of the time averaging process to 
the previous cycle : i.e., the level obtained in the process in the previous cycle is Lvl(n-1), and the level in the current 
cycle is Lvl(n). In this case, the level obtained through the time averaging process in the current cycle (hereinafter, Lvl) 
is shown by the following equation. 



Lvl = X x Lvl(n) + (1-X) x Lvl(n-1) 



[0085] In the first time, because there is not a level in the previous cycle, Lvl=Lvl(n). Also, because there is not a 
30 level in the current cycle for the path during the front protection, the level with a larger one of the peak level reference 
threshold value k and the noise level reference threshold value 1 is set as a level in the current cycle. 
[0086] The reference threshold value calculating section 322 reads the maximum peak level threshold value i and 
the noise level threshold value j from the threshold value memory section 331 in accordance with the level difference 
h between the path with the maximum level of the valid path level average x in the current cycle and the noise level 
35 time average v in the current cycle. Then, the reference threshold value calculating section 322 calculates the peak 
level reference threshold value k and the noise level reference threshold value 1 . When there is not a valid path in the 
peaks found out in the current cycle., a path with the maximum level among the peaks found out in the current cycle is 
used like the above-mentioned first embodiment. 

[0087] The determining section 323 carnes out the threshold value processing to select paths equal to or higher than 
JO the peak level reference threshold value k and the noise level reference threshold value 1 from supplied peak levels 
f. Then, the determining section 323 outputs a reception timing and a peak level of the path equal to or higher than the 
above-mentioned peak level reference threshold value k and noise level reference threshold value 1 to the protection 
processing section 34 as a search peak timing m and a search peak level n. 

[0088] As mentioned above, the threshold value processing is carried out using a level difference between the time 
45 average of the maximum peak levels of the valid paths and the time average of the noise levels so that a small fluctuation 
is ignored and a large change is incorporated. Therefore, the more stable reception becomes possible. 
[0089] The first effeel is in that a conventional problem can be eliminated in which an unstable path near the noise 
level is used for the RAKE synthesis in the propagation environment in which there is so a stronger path as to be error 
free, so that the reception characteristic is deteriorated. 
so [0090] The reason is in that the values of the maximum peak level threshold value i and noise level threshold value 
j are separated based on a level difference h between the maximum peak level and the noise level g in case of the 
threshold value processing, and the peak level reference threshold value k is increased when there is a so a stronger 
path as to be error free, compared with the case which there is not a strong path, so that the unstable path near the 
noise level is invalidated in the threshold value processing and is not used for the RAKE synthesis. 
55 [0091] The second effect is in that a conventional problem can be eliminated in which all paths for the peaks found 
out in the current cycle are invalidated in the threshold value processing in the propagation environment near the 
sensitivity point so that a path used for the RAKE synthesis can not be detected, resulting in deterioration of the reception 
characteristic. 
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[0092] The reason is in that the values of the maximum peak level threshold value i and noise level threshold value 
j are separated based on the level difference h between the maximum peak level and the noise level g in case of the 
threshold value processing, and in the case near the sensitivity point, the noise level reference threshold value 1 is 
decreased, compared with the case of being not sensitivity point, so that in the propagation environment near the 
sensitivity point, the path used for RAKE synthesis can be detected. 

[0093] In the conventional technique, the optimal threshold value processing cannot be carried out in consideration 
of the level difference between the maximum peak level and the noise level, regardless of that the level difference 
becomes large in the propagation environment in which there is so a stronger path as to be error free, and the level 
difference between the maximum peak level and the noise level becomes small in the propagation environment near 
the sensitivity point. On the other hand, according to the present invention, a threshold value is calculated in accordance 
with the level difference between the maximum peak level and the noise level. Therefore, the optimal threshold value 
processing can be carried out in consideration of the level difference. The optimal threshold value processing can be 
carried out in all the propagation environments in which the level difference between the maximum peak level and the 
noise level changes. 

[0094] Therefore, according to the present invention, the above-mentioned threshold value is relatively separated 
from the above-mentioned noise level in the propagation environment in which there is so a stronger path as to be 
error free, in which the level difference becomes larger between the maximum peak level and the noise level gets. 
Therefore, many unstable paths near the noise level can be cut relatively more through the threshold value processing. 
Also, the above-mentioned threshold value is relatively brought close to the above-mentioned noise level in the prop- 
agation environment near the sensitivity point in which the level difference becomes small between the maximum peak 
level and the noise level. Therefore, relatively many paths are detected near the noise level and the relatively enough 
number of paths can be used for the RAKE synthesis as a whole. As a result, optimal threshold value processing is 
carried out in all types of the propagation environment where the level difference between the maximum peak level 
and the noise level changes and a good reception characteristic can be realized. 



Claims 

1 . A CDMA receiving apparatus comprising: 

a searcher section (1 2) which has a protection path memory (332), generates a delay profile from a reception 
signal, finds peaks from said delay profile based on a variable peak level reference threshold value and a 
variable noise level reference threshold value which are determined based on said delay profile, reads out 
protection path data in a previous cycle from said protection path memory, and determines timings of valid 
paths based on timing of said found peaks and protection path timings of the read out protection path data; 
a finger section (11 ) which detects a signal from said reception signal for every path in response to said valid 
path timings; 

a RAKE synthesizing section (13) which carries out RAKE synthesis to the detected signals to produce a 
RAKE synthesis signal; and 

a decoding section (14) which decodes said RAKE synthesis signal. 

2. The CDMA receiving apparatus according to claim 1 , wherein said searcher section variably determines said var- 
iable. peak level reference threshold value and said variable noise level reference threshold value based on a 
maximum peak level and a noise level in said delay profile. 

3. The CDMA receiving apparatus according to claim 2, wherein said searcher section has a threshold value memory 
(331) storing a maximum peak level threshold value and a noise level threshold value, and 

said searcher section calculates a level difference between said maximum peak level and said noise level 
in said delay profile, and reads out said maximum peak level threshold value and said noise level threshold value 
from said th reshold value memory based on said level difference, and determines said variable peak level reference 
threshold value and said variable noise level reference threshold value based on said maximum peak level and 
said noise level in said delay profile and said maximum peak level threshold value and said noise level threshold 
value. 

4. The CDMA receiving apparatus according to claim 3, wherein said searcher section determines said variable peak 
level reference threshold value by subtracting said maximum peak level threshold value from said maximum peak 
level, and said variable noise level reference threshold value by adding said noise level threshold value to said 
noise level. 



EP 1 170 876 A2 



5. The CDMA receiving apparatus according to claim 3, wherein said maximum peak level threshold value has a 
larger value when said level difference is lager and said noise level threshold value has a smaller value when said 
level difference is smaller 

6. The CDMA receiving apparatus according to claim 1 , wherein said searcher section finds said peaks from said 
delay profile based on said variable peak level reference threshold value and said variable noise level reference 
threshold value which are determined based on said protection path data in addition to said delay profile. 

7. The CDMA receiving apparatus according to claim 6, wherein said searcher section variably determines said var- 
iable peak level reference threshold value and said variable noise level reference threshold value based on a 
maximum peak level for said valid paths indicated by said protection path data and a noise level in said delay profile. 

8. The CDMA receiving apparatus according to claim 7, wherein said searcher section has a threshold value memory 
storing a maximum peak level threshold value and a noise level threshold value, and 

said searcher section calculates a level difference between said maximum peak level and said noise level 
in said delay profile, and reads out said maximum peak level threshold value and said noise level threshold value 
from said threshold value memory based on said level difference, and determines said variable peak level reference 
threshold value and said variable noise level reference threshold value based on said maximum peak level and 
said noise level in said delay profile and said maximum peak level threshold value and said noise level threshold 
value. 

9. The CDMA receiving apparatus according to claim 8, wherein said searcher section determines said variable peak 
level reference threshold value by subtracting said maximum peak level threshold value from said maximum peak 
level, and said variable noise level reference threshold value by adding said noise level threshold value to said 
noise level. 

10. The CDMA receiving apparatus according to claim 8, wherein said maximum peak level threshold value has a 
larger value when said level difference is lager and said noise level threshold value has a smaller value when said 
level difference is smaller. 

1 1 . The CDMA receiving apparatus according to claim 1 , wherein said searcher section variably determines said var- 
iable peak level reference threshold value and said variable noise level reference threshold value based on a time 
average of peak levels of said valid paths indicated by said protection path data and a time average of noise levels 
in place of said maximum peak level and said noise level in said delay profile.. 

12. The CDMA receiving apparatus according to claim 1 1 , wherein said searcher section has a threshold value memory 
storing a maximum peak level threshold value and a noise level threshold value, and 

said searcher section calculates a level difference between said peak level time average and said noise level 
time average, and reads out said maximum peak level threshold value and said noise level threshold value from 
said threshold value memory based on said level difference, and determines said variable peak level reference 
threshold value and said variable noise level reference threshold value based on said maximum peak level and 
said noise level in said delay profile and said maximum peak level threshold value and said noise level threshold 
value. 

13. The CDMA receiving apparatus according to claim 12, wherein said searcher section determines said variable 
peak level reference threshold value by subtracting said maximum peak level threshold value from said maximum 
peak level, and said variable noise level reference threshold value by adding said noise level threshold value to 
said noise level. 

14. The CDMA receiving apparatus according to claim 12, wherein said maximum peak level threshold value has a 
larger value when said level difference is lager and said noise level threshold value has a smaller value when said 
level difference is smaller. 

15. A method of determining path timings in a CDMA receiving apparatus comprising the steps of: 

(a) generating a delay profile from a reception signal; 

(b) finding peaks from said delay profile based on a variable peak level reference threshold value and a variable 
noise level reference threshold value which are determined based on said delay profile; 



EP 1 170 876 A2 

(c) reading out protection path data in a previous cycle from said protection path memory; and 

(d) determining timings of valid paths based on timing of said found peaks and protection path timings of the 
read out protection path data. 

1 6. The method according to claim 1 5, wherein said (b) step comprises the step of: 

(e) variably determining said variable peak level reference threshold value and said variable noise level ref- 
erence threshold value based on a maximum peak level and a noise level in said delay profile. 

17. The method according to claim 16, wherein said (e) step comprises the steps of: 

(f) calculating a level difference between said maximum peak level and said noise level in said delay profile; 

(g) reading out a maximum peak level threshold value and a noise level threshold value from a threshold value 
memory based on said level difference, said threshold value memory storing said maximum peak level thresh- 
old value and said noise level threshold value; and 

(h) determining said variable peak level reference threshold value and said variable noise level reference 
threshold value based on said maximum peak level and said noise level in said delay profile and said maximum 
peak level threshold value and said noise level threshold value. 

18. The method according to claim 1 7, wherein said (h) step comprises the step of: 

(i) determining said variable peak level reference threshold value by subtracting said maximum peak level 
threshold value from said maximum peak level, and said variable noise level reference threshold value by 
adding said noise level threshold value to said noise level. 

19. The method according to claim 17, wherein said maximum peak level threshold value has a larger value when 
said level difference is lager and said noise level threshold value has a smaller value when said level difference 
is smaller. 

20. The method according to claim 1 5, wherein said (b) step comprises the step of: 

(j) finding peaks from said delay profile based on a variable peak level reference threshold value and a variable 
noise level reference threshold value which are determined based on said protection path data in addition to 
said delay profile. 

21. The method according to claim 20, wherein said (j) step comprises the step of: 

variably determining said variable peak level reference threshold value and said variable noise level reference 
threshold value based on a maximum peak level for said valid paths indicated by said protection path data 
and a noise level in said delay profile. 

22. The method according to claim 1 5, wherein said (b) step comprises the step of: 

(k) variably determining said variable peak level reference threshold value and said variable noise level ref- 
erence threshold value based on a time average of peak levels of said valid paths indicated by said protection 
path data and a time average of noise levels in place of said maximum peak level and said noise level in said 
delay profile. 
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